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N The nonlinear optical polymer project has been fairly i
i successiull., Several new materials have been synthesized
. and characterized, some of wnich may be of considerskle use
1S . . . -

0 £2 the Navy. Two papers have been submitted and accepted,

nd an invention disclosure has teen made (a patent
acclications should follow within the next year). Research
crocosals have teen submitted to DARPA, NSF, and the Night
(Ll Visicn Laboratory (Army) to allow research in optical
gclymers at the Naval Weapcns Center to be exganded and
include more scientists.

Second order nonlinear ortical polymers reguirs
processinc into films having highly ordered
noncentrosymmetric arrangements such as can ke found in a
crystal lattice. I have chcosen the Langmuir-gBlodgett (L/
technigue for fabrication cf rcacentrosymmetric polumer

et °
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t

)

}: films.

- The L/B methoé is well suitzd for making highly ordered
na thian films of organic materials. This method reqguirss use
L of amphiphilic molecules having a water soluble head group

ané a hydrophobic tail group stch as a long chain fatty
acid. The amphipniles are spreaé on the water surface of a
L/B trough (Fiqgure 1). The hydrophilic head group sits on
the water surface, while the hvdrophobic alkyl tails orient
b themselves away from the water. By moving a barrier across
- - the water surface and compressiac the molecules, an

AD-A188 810

D) organized monolayer is formed. A substrate is dippecd
1oy through the monolayer, transferring it to the substrate.
i Subsequent dipping of this coated substrate through new
xﬁﬁ monolayers builds a multilayered film (Figure 2). I have
':3 prepared surfactant polymers having a hydrophilic backbone
S “ and hydrophobic substituents to form L/B polymers. By
® ! ]g covalently incorporating nonlinear optical chromophores into
0N iE E-u the hydrophobic portions of the polymer, second order
N Stz nonlinear optical effects may te obtained.
v B
-. :wigrﬁ Experimental
@ :z{§.§ Several of my early experiments showed that monomers
;3 '2! 5 containing groups with large molecular hyperpolarizabilities
AN fﬁlg Be] such as 4-nitroanilines, 4-amino-4'-nitrostilbenes, and
-0 w;eig stilbazolium hemicyanines are often unreactive towards
e i3 & radical or ionic polymerization or give poor conversion to
Y ;gi‘ polymer. The chemical attachment of polarizable dye grougs
7 to preformed polymers, however, avoids these problems.
o A new class of polyethers eontaining optically
- nonlinear hemicyanine dyes has teen prepared that is
'j; specifically designed for processing into L/B films. The
»
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svnthesis of these polymers is based on chemical
modification of commercially available poly(epichlorohydrin)
(PECH) resins. Two types of dye-substituted polyether have

.t been synthesized; in one case the electron donating end of
ff‘ the chromophore is adjacent to the polymer backbone, and in
NN the second case the electron witadrawing end is adjacent to
o the backbone.

oo Polyethers with the backbone adjacent to the electron
) donating end of the dye wers prepared by alkylation of

- phenolic aldehvdes with the chloromethyl groups along the
‘\; PECH backbone to make alkoxvbenzaldehvde susbstituted

~;: polymers, as shown in Scheme I. This was carried out by
:f\ refluxing a solution of PECH wizh excess 4-hydroxy-

tenzaldehyde, anhydrous potassium cartonate, and a phase-
transfer catalys: in acetonitrile for 4 days. After

" reprecipitation in methanol, proton NMR analysis showed up
- to 50% substitution of the aldenvée along the backbone.

N Condensation of the aldenvde-sutstituted polymers with long
NS chain (C P Cl » Ciq) alkyl-picclinium bromides by refluxing
‘b; in acetokxt:i;e for 16 hcurs with a trace of piperidine
yielded hemicvanine-substituted PECHs. Proton NMR showed

. all of the aldehvde sites had re2acted to give up to 50% dye
o~ substitution.

o Placing the electron withdrawing end of the hemiclianine
O adjacent the backbone was achieved by quaternizing the
Y nitrogen on 4-picoline with the PECH chloromethyl groups, as
| shown in Scheme II. This was acheived by heating PECH with
K an excess of 4-picoline in aceccnitrile for 10 days. 1In
:;? this case proton NMR showed abcut one third of the backbone
.nj sites to be occupied by picolinium chloride groups.
- Condensation of this polymer with a long chain (C 8)-
o alxoxybenzaldehyvde resulted in a hemicyanine-subs%xtuted
F% polymer.
" These polymers are chlorcform scluble, deep red colored
*ﬁ glasses. The chromophores absord visible light wth a lagsda

maximum of 390 nm and an absorgtion edge near 500 nm 4%0 M
in chloroform), making them transparent to doubled Nd "-YAG

P

® laser light at S32 nm.
0 The picolinium chloride-substituted polyether of Scheme
- Il has also been reacted with trans-4-N,N-dimethylamino-
::j cinnamaldehyde, giving the polymer shown in Figure 3. This
Aot chromophore should have greater optical nonlinearity because
&; of its better electron donating dimethylamino group and its
‘bs longer conjugation length. 1In this case the extended
e hemicyanine chromophore acts as the hydrophobic portion of
Q?§ the polymer. . _
o Trans retinal also reacts with the picolinium chloride-
o substituted polymer to place a rhodopsin-like chromophore on
iy the polymer backbone (Figure 4).
B I have prepared the maleimide-allyl hemicyanine
ok copolymer shown in Scheme III By 1:1 alternating
ﬂk copolymerization of maleimide with allyl picolinium bromide,
Y followed by condensation with a C,_-alkoxybenzaldehyde.

By Thermal and Molecular weight cha:%%te:ization of this
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polymer has not yet ben carried out. This type of polymer
0 does not have any unsubstituted portions along the polymer
backbone as do the PECH-hemicyanines.
- The thermal behavior of the PECH-hemicyanines shown in
; Schemes I and Il was investigated by differential scanning
calorimetry (DSC), thermal gravimetric analysis (TGa), and
by visual observation while heating and cocling under a
polarizing microscope. All polymers investigated showed
fairly complex deccmposition patterns by DSC, typically
showing the onset of an exotherm (decomgosition) at about
lSOo, followed by an endotherm near 200 indicating some
softening of the polymer glasses. At about 250 all polymer
samgles showed the onset of major thermal decomposition
which was verified by visual observation as well as TGA.
No evidence of liguid crystalline behavior for PECH-
hemicyanines was found, though the possibility was
recognized that the unsubstituted portions of PECH backbone
b may act as spacers for the rigid mesogenic chromoghores.
The Langmuir-Blodgett film formation was carried out by
/ Brian Anderson of the U. C. Davis Department of Chemical
\ Engineering. All L/B depositions were carried out at a
surface pressure of 30-35 mN/m. Deposition stroke speed was
0.6 cm/min. Monolayers of hemicvanine-substituted PECH of
3 Scheme I (golymer A) were spreac from chlorcform onto pura
» glass-distilled water. Pclymer A was deposited onto two
! tack-to-back clean glass slides on the upstroke. The
. subgrhase surface was cleaned and either behenic acid (CZZ)
5 or the PECH hemicyanine of Scheme II (polymer B) was
. deposited on the downstroke, resulting in alternating layers
of polymer A with Polymer B or behenic acid. This
alternating method, shown in Figures 5 and 6, resulted in
¢ formation of noncentrosymmetric multilayers.

Results andé Discussion

Figure 7 shows the surface pressure vs. surface area
(pi-Aé curve for both types of hemicyanine-substituted PECH
at 227 C. During monolayer compression of polymer A the
! pi-a curve exhibits a plateau between 20 and 30 dynes/cm,

N then shows a steep slope until the monolayer collapses near
' 45 dynes/cm. This plateau may be due to the positively

X charged group at the top of the hemicyanine dye. At

v pressures below 20 dynes/cm the dyes could lie down on the
! subphase surface to solvate the charged species, resulting
in a "log-jam” of horizontal chromophores in the compressed
monolayer. Above 20 dynes/cm the dyes may stand up more

\ vertically relative to the subphase. 1In polymer B the
charged group is next to the backbone and the pi-A curve
does not show a plateau.

Second harmonic generation (SHG) in E§CH-hemicyanines

g was measured at U. C. Davis by:passing Nd ~“-YAG laser lignt
. (1064 nm) through mono- and multilayer films on a glass
K slide and detecting the second harmonic (532 nm) light with

) a photomultipier. The increase in relative second harmonic
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intensity with additional layers of polymer A interleaved
with behenic acid is shown in Figure 8. The enhancement of
SHG intensity 1is roughly quadratic (within error bars) for
the first three layers of polymer. Figure 9 shows second
harmeonic enhancement vs. numker of bilavers of interleaved
polymers A and B, indicating quadratic SHG icrease for eight
polymer lavers ({(four bilayers).

The PECH substituted with the extended chromophore
(Figure 3) has béen investigated optically as a monolayer on
the water surface of a L/B trough. SHG from a single laver
of this polymer is approximately 80 times greater than frcm
a monolayer of polymers A or B.

Film fabrication and optical measurements have not vet
teen carried out for the PECH containing the rhodopsin-like
caromecghore (Figure 4) and the maleimide-allyl hemicyanine
rolymer of Scheme III. -~
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A new class of opticallv aonlinear hemicyanine-

substituted PECH polymers has teen synthesized and prccessed

into noncentrosymmetrioML/3)films that exhibit strong SHG.

Quadratic enhancement cf¥SHG)has bteen achieved up to eight

mcnomolecular layers, more than 12 any other material yet

reported in the literature.

Increasing the optical ncnlinearity of the attached
chromophore by extending the pi-electron system and chancing
the electron donating group have iacreased the SHG
efficiency of a monolayer by nearly a factor of 1CC.

I£f further improvements in chromophore optical
ncnlinearity and qguadratic enhancement can ke achieved in a
greater numkber of layers, these films may someday be an
alternative to currently used incrganic crystalline laser
frequency doublersvt
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Figure 1. simplified diagram of a Langmuir- Blodgett trough
for fabrication of thin polymer films.
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Alternating layer structure of PECH-hemicyanine




l'

|
W

\<<<<<<<</9©Jr©~.m-

—0—-"H0—-HD—

\ \N...

g

-o—cu—-cu,—o—cu-cu,—o—

C |;
N
- ClI°
3

Alternating layers of polymers A and B.

#
D
-
-
s
-
"
> .
-
e
-
.
“
N
o

{
CH
]

t

ﬂ_".‘,!ai'
‘ A

%%

T 1;
NN

«ClI’

|
—u‘_m‘
Figqure 6.

—HI ——0—"HO—HD —0—"HO—HD —O0—'KO—HD

B )

- CLCAM
H '.Q‘\‘ ’ l"‘b""\.‘.‘ DDA

-
PRI AN T

¥y 1
'»- OO O N
s

o) LTI e w-h-: - h-n . -3 9 v a_»_ 8 N .h-.-. Al > _w s ‘* y ll..'(.,
\n\.ﬂt‘- 1&§\u“h nh * -1\ \.. t.l. .\-h- = P A Py vv-v \ Nl, ) Wt \J“‘l%ﬁnﬁ ‘!.\\\\\A&. 0‘4 l“u, ud ﬁlll‘l st

bl
- . - - A S s -~ - -—oe - -




30 —
ot _ <
.~ \. = ‘\\ 4
o ! |
M Y - - . ~_7
L : i
) N H A, ,
Y . rs ~ i
., { i
rd v i
oot 10— \ :
X : - - : i
— §~ L e I C'nu. :
‘.ﬁ-‘j H s R R Lr SR
s B p
. \~‘. g .
X ‘.-'. gy / 3% |
L ) |
D" - R . . \
[} ~ C 2 .,l hS
'I [} I L]
=L ) \ :
LS A ..- l
3, Jd L}
0'\ L - i u.g l. I
t |:' LT P, T R VR
:.' "t‘l > ) <3 23 =0 R ES]
s":q \] 236a alceacuceuchE ar
3,
‘o ¥
e
[\ -\
e,
o'
I

o Figure 7. Surface pressure vs. surface area (pi-A) curve
A for PECH-hemicyanines A and B.




-y - W A 4 v TOETO TV
b =
\

]
*
—
1
m—
- 1% =
b
g v .
E; 18
L3 13
E ¢
C
Ec l:l
e -
-
T -
[~
c o X~
L= ]
v
¢ -
ne
)
2 -
1 e

o

o
-
»e
'h
»

w»

o

# Lavers of PECI-cyaninct75)C12

Figure 8. Enhancement of second harmonic signal vs. number
of layers for PECH-hemicyanine type A interleaved with
behenic acid.

"N CLACRATIC

m

04 - ; -
i 2 3 4 5
NLUYIBER CF PCLYNMERIC HEMICYANINE 3ILAYESS

NORMAL 12E D SECOND HARNMONIC PONER (i)

1

Figure 9. Enhancement of second harmonic signal vs. number
of bilayers of interleaved polymer A and B.




A,
% }l

| e

o © B9 o 5 ® T ® o [ 9 L O S """”. V. W T

RSN ARA g gty Ry iy B vy
ey POMONY N 3, 8%, 000 0Y Wy 4y e
o0 !:«"«‘\‘ca:q Wb Arbd r: N ;.:.:,: :

RARR Vg e,

POICN 3 L 34
(A9 :

c":! TR '6‘1'6.:*' .

L ,l“‘n. xvd




